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(57) ABSTRACT

Motor start circuit for an induction motor, particularly a
single-phase AC induction motor, with a main winding (4)
and an auxiliary winding (5), which are supplied with current,
particularly alternating current, via current supply connec-
tions (24, 25), and with a start switching device (15) serving
the purpose of interrupting the current tflow through the aux-
1liary winding (5) aiter the start of the motor, the start switch-
ing device (15) being connected to a control device (20) via a
connector (18), the control device (20) being connected
between the current supply connections (24, 25), and with a
winding protection switch (28), which 1s normally closed and
which opens on the occurrence of a fault. The mvention 1s
characterized in that the control device (20) 1s connected to
the winding protection switch (28) via at least one further
connector (22, 17), preferably via at least one further connec-
tor (22, 17) and the auxiliary winding (5).
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1
MOTOR START CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

Applicant hereby claims foreign priority benefits under
U.S.C. §119 from German Patent Application No. 10 2006

053 524.3 filed on Nov. 7, 2006, the contents of which are
incorporated by reference herein.

FIELD OF THE INVENTION

The mvention concerns a motor start circuit for an induc-
tion motor, particularly a single phase AC induction motor,
with a main winding and an auxiliary winding supplied with
current, mainly AC, via current supply connections, and with
a start device serving the purpose of stopping the current flow
through the auxiliary winding after the start of the motor, and
being connected via a conductor to a control device connected
between the current supply connections, and with a winding,
protection switch, which 1s normally closed and opens on the
occurrence a fault. The mvention further concerns an induc-
tion motor, particularly a single phase AC mduction motor.
The mvention further concerns a compressor. The invention
turther concerns a cooling and/or freezing device. The mven-
tion further concerns a circuit board. The ivention further
concerns a method of monitoring the state of a winding pro-
tection switch 1n a motor start circuit. The invention further
concerns a method of starting an induction motor, 1n particu-
lar a single phase AC induction motor.

BACKGROUND OF THE INVENTION

Traditional motor start circuits are provided with a thermal
breaker, also called thermal switch or winding protection
switch. In imnduction motors for compressors for household
appliances, the winding protection switch may be located in a
hermetically closed compressor housing or motor housing.
The thermal switch or winding protection switch 1s normally
closed and serves the purpose of interrupting the current flow
through the auxiliary winding and the main winding, if the
rotor stops and the power exceeds a permissible maximum
value or too much heat 1s produced 1n the winding 1itself.

SUMMARY OF THE INVENTION

It 1s the task of the invention to improve the lifetime of a
motor start circuit in a stmple manner.

With a motor start circuit for an induction motor, particu-
larly a single phase AC induction motor, with a main winding
and an auxiliary winding supplied with current, mainly AC,
via current supply connections, and with a start device serv-
ing the purpose of stopping the current flow through the
auxiliary winding after the start of the motor, and being con-
nected via a conductor to a control device connected between
the current supply connections, and with a winding protection
switch, which 1s normally closed and opens on the occurrence
a fault, the task 1s solved in that the control device 1s con-
nected to the winding protection switch via at least one further
conductor, preferably via at least one further conductor and
the auxiliary winding. The main winding 1s also called run
winding. The auxiliary winding 1s also called start winding.
The additional connection between the control device and the
winding protection switch makes it possible to sense the
voltage over the winding protection switch. Thus, 1t 15 pos-
sible to monitor, 1f the start process of the induction process
proceeds, or 1f the winding protection switch 1s open. If the
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winding protection switch 1s open, the start process can be
interrupted, and, 1f required, a new start process can be 1niti-
ated after the lapse of a predetermined period.

Preferably, at least one measuring device and at least one
evaluation device are combined in the control device. The
combined measuring, evaluation and control device can also
be called a controller. This 1s, for example, an FPGA (Field
Programmable Gate Array), an ASIC (Application Specific
Integrated Circuit), a microprocessor or a microcontroller.

A preferred embodiment of the motor start circuit 1s char-
acterised in that the control device 1s connected to the start
device via a further conductor. Thus, by means of the control
device, the voltage over the winding protection switch, par-
ticularly over the auxiliary winding and the winding protec-
tion switch, can be sensed. Secondly, the voltage between the
current supply connections can be sensed by means of the
control device. Further, the start device can be momtored by
means of the control device. In particular, 1t can be monitored,
if a control impulse of the start device 1s available, or if the
control impulse 1s equal to zero.

Further preferred embodiments of the motor start circuit
are characterised 1n that the fault comprises an overheating of
at least one element of the motor start circuit and/or a block-
ing of a rotor of the induction motor.

The invention further concerns an induction motor, par-
ticularly a single-phase AC induction motor, with a previ-
ously described motor start circuit.

The invention further concerns a compressor with a previ-
ously described induction motor.

The mvention further concerns a domestic appliance, par-
ticularly a refrigerator or a freezer with a previously described
COMpPressor.

The mvention further concerns a circuit board with a pre-
viously described motor start circuit. The circuit board 1s a
printed circuit board serving the purpose of carrying elec-
tronic components.

A preferred embodiment of the circuit board 1s character-
1sed 1n that the circuit board comprises a programmable chip.

With a method for monitoring the state of the winding
protection switch of a previously described motor start cir-
cuit, the task mentioned above is solved 1n that the voltage
over the winding protection switch 1s sensed. This 1s a simple
way of determining, 1f the starting of the motor 1s proceeding
or 1f the winding protection switch 1s open.

A preferred embodiment of the method is characterised 1n
that the voltage over the auxiliary winding and the winding
protection switch can be sensed by means of the control
device.

A further preferred embodiment of the method 1s charac-
terised 1n that the voltage between the current supply connec-
tions can be sensed by means of the control device.

A further preferred embodiment of the method 1s charac-
terised 1n that by means of the control device the start device
1s monitored, particularly that the control impulse of the start
device 1s sensed.

A further preferred embodiment of the method 1s charac-
terised in that the control device senses if a voltage 1 a
conductor of the control device exceeds a predetermined
value, 11 the start device 1s active and 11 the voltage over the
auxiliary winding increases. If the voltage 1n the conductor of
the control device exceeds the predetermined value, this 1s
taken as a sign of the control device being active. The start
device has been or will be turned on. It the voltage over the
auxiliary winding does not increase, this 1s taken as a sign of
the winding protection switch being open. If the winding
protection switch were closed, the voltage over the auxiliary
winding would increase.
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With a method of starting an induction motor, particularly
a single-phase AC induction motor, with a previously
described motor start circuit, the state of the winding protec-
tion switch being monitored according to the previously
described method, the previously stated task 1s solved 1n that
the induction motor 1s not started, i1 the voltage 1n the con-
ductor of the control device exceeds the predetermined value,
the start device 1s active and the sensed voltage over the
auxiliary winding does not increase. It these three conditions
are all met, this 1s a s1gn that the winding protection switch 1s
open. Then the start procedure 1s interrupted or a starting 1s
not attempted. In practice this means that the start device
receives no control impulse. As soon as the winding protec-
tion switch closes again, which 1s recognised by an increase
of the voltage over the auxiliary winding, a new start attempt
can be made.

A preferred embodiment of the method 1s characterised 1n
that the start device 1s returned to 1its initial state after an
interrupted start attempt of the induction motor. When 1t 1s
established that the winding protection switch 1s open, the
start attempt 1s iterrupted. When the winding protection
switch closes again, a new start attempt can be made.

A further preferred embodiment of the method 1s charac-
terised 1n that the induction motor 1s started as soon as the
sensed voltage, particularly a voltage increase, over the wind-
ing protection switch, particularly the auxiliary winding and
the winding protection switch, approximately corresponds to
the voltage, particularly the voltage increase, between the
current supply connections. This 1s taken as a sign that the
winding protection switch 1s closed again. In this case, a new
start attempt can be made.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1s a circuit diagram of a motor start circuit.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Further advantages, characteristics and details of the inven-
tion appear from the following description, in which an
embodiment 1s described 1n detail with reference to the draw-
ng.

The enclosed FIGURE shows a circuit diagram of a motor
start circuit 1. The motor start circuit 1 comprises the electri-
cal and electronic components for starting and driving a
single-phase AC induction motor, 1n the following referred to
as motor. The motor comprises a main winding 4 and an
auxiliary winding 5, which are located 1n a hermetically
closed compressor housing that 1s shown as a dotted, square
frame 8.

A run capacitor 11 1s connected 1n series with the auxiliary
winding 5. Further, a start switching device 15 1s connected in
series with the auxiliary winding 5. The start switching device
15 serves the purpose of interrupting a connection between a
conductor 16 and a conductor 17. In the shown state, the
connection between the conductors 16 and 17 1s interrupted
by the switching device 15. The conductor 17 connects the
start switching device 135 and, 1n the closed state of the start
switching device, the conductor 16 to the auxiliary winding 5.

In a manner known per se, single-phase AC induction
motors comprise a stator and a rotor. A condition for the
generation of a rotating field 1n the stator 1s a phase-shifting of
the current in the auxiliary winding 1n relation to the current
in the main winding. The alternating fields occurring 1n the
main winding and the auxiliary winding are then oiffset in
relation to each other in time and space and form a common
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rotating field. The rotating field causes a self-start of the
motor. After the start or run-up of the motor the auxiliary
winding 5 1s turned oif by the start switching device 15. After
turning oif the auxiliary winding S, the motor works as an
asynchronous motor.

Via a control conductor 18, the start switching device 15 1s
connected to a control device 20. The control device 20 1s
connected to the auxiliary winding 3 via a further conductor
22 and the conductor 17. Via the conductors 22 and 17, the
voltage over the auxiliary winding 35 can be sensed by the
control device 20.

A square frame 23 suggests that the control device 20 and
the start switching device 15 are parts of a starter serving the
purpose of starting the motor. The current supply of the motor
start circuit 1 occurs by applying an alternating voltage 2 to
two current supply connections 24 and 25. The current supply
connection 25 1s connected via a conductor 26 to the control
device 20, the run capacitor 11 and the main winding 4. The
current supply connection 24 1s connected via a conductor 27
to the control device 20 and the two windings 4 and 3.

A winding protection switch 28 1s connected in series with
the two windings 4 and 5. During normal operation of the
motor the winding protection switch 28 1s closed. If, for
example, the rotor 1s blocked, this may cause the power to
exceed a permissible maximum value and/or that too much
heat 1s produced. In such a case, the winding protection
switch 28 opens to prevent damage to the windings 4 and 5.

Between the two current supply connections 24 and 25 and
the motor two conductor branches 29 and 31 are provided,
between which the control device 20 1s connected. A protec-
tion fuse 30 1s provided in the conductor 27 between the
current supply connection 24 and the conductor branch 29.
The protection fuse 30 serves the purpose of interrupting the
current supply to the motor start circuit 1, if the start switching
device 15 does not open correctly and remains permanently
closed. In this case a fault current would permanently flow
through the closed switching device 15 and the auxiliary
winding 5. This permanent current supply could cause dam-
age to the auxiliary winding 5 and/or the start switching
device 15.

The winding protection switch 28 reacts too slowly and 1s
not dimensioned to become active in the case of a malfunction
of the start switching device 135. The protection fuse 30
ensures that the fault current caused by the malfunctioning
start switching device 15 will only last a short while. The
additional protection fuse 30 reacts faster than the winding
protection switch 28 and ensures a fast mterruption of the
current flow 1n the case of a fault current.

The control device 20 1s a combined measuring, evaluation
and control device. Via conductors 34, 35 and the conductor
branches 29, 31 the control device 20 firstly detects, 11 the
current supply connections 24, 235 are supplied with current.
Further, the control device 20 assumes the function of an
evaluation device detecting the change of the voltage sensed
over the auxiliary winding 5. Finally, the control device 20
has an active connection to the winding protection switch 28.

The winding protection switch 28 1s activated by heat and
indirectly also by the current flowing through it. The control
device 20 can detect, 1f the winding protection switch 28 1s
open. This information can be used for different purposes.
According to an essential aspect of the invention, this infor-
mation 1s used to carry through a reset of the start switching,
device 15, so that the start switching device 15 can be started
again.

By means of the control device 20 the voltage 1n the con-
ductors 22 and 34 1s detected. If this voltage exceeds the
predetermined value, this means that the control device 20 1s
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active. If the control device 20 1s active, the start switching
device 15 1s switched on via the control conductor 18 by
means ol a suitable control impulse. If turning on the start
switching device 15 does not make the voltage over the start
or auxiliary winding 5 increase, it means that the winding
protection switch 28 1s open. If the winding protection switch
28 were closed, the voltage over the start winding 5 would
Increase.

If, by means of the control device 20, 1t 1s established that
the winding protection switch 28 1s open, a start attempt will
not be permitted, meamng that the start switching device 15
receives no control signal. As soon as the winding protection
switch closes again, a start attempt 1s permitted. The closing
of the winding protection switch 28 1s, for example, estab-
lished 1n that the voltage 1n or at the conductor 17 increases
similarly to the voltage at the conductor branch 29.

While the present mvention has been illustrated and
described with respect to a particular embodiment thereof, 1t
should be appreciated by those of ordinary skill in the art that
various modifications to this invention may be made without
departing from the spirit and scope of the present invention.

What is claimed 1s:

1. A motor start circuit for an induction motor, particularly
a single-phase AC induction motor, with a main winding and
an auxiliary winding, which are supplied with current, par-
ticularly alternating current, via current supply connections,
and with a start switching device serving the purpose of
interrupting the current flow through the auxiliary winding
after the start of the motor, the start switching device being
connected to a control device via a connector, the control
device being connected between the current supply connec-
tions, and with a winding protection switch, which 1s nor-
mally closed and which opens on the occurrence of a fault,
wherein the control device 1s connected to the winding pro-
tection switch via the auxiliary winding.

2. The motor start circuit according to claim 1, wherein the
fault comprises the overheating of at least one element of the
motor start circuit.

3. The motor start circuit according to claim 1, wherein
fault comprises a blocking of a rotor of the induction motor.

4. A circuit board with a motor start circuit according to
claim 1.

5. The circuit board according to claim 4, wherein the
conductor plate comprises a programmable chip.

6. A method for starting an induction motor, particularly a
single-phase AC mduction motor, with a motor start circuit
according to claim 1, the state of the winding protection
switch being monitored wherein the mnduction motor 1s not
started, 1if:

the voltage in the conductor of the control device exceeds

the predetermined value,
the start switching device 1s active,
the sensed voltage over the auxiliary winding, particularly

in the conductors, does not increase.

7. The method according to claim 6, wherein after an
interrupted start attempt of the induction motor the start
switching device 1s returned to 1its initial state.
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8. The method according to claim 6, wherein the induction
motor 1s started, as soon as the sensed voltage, particularly a
voltage increase, over the auxiliary winding and the winding
protection switch approximately corresponds to the voltage,
particularly a voltage increase, between the current supply
connections.

9. Aninduction motor, particularly single-phase AC imnduc-
tion motor, with a motor start circuit with a main winding and
an auxiliary winding, which are supplied with current, par-
ticularly alternating current, via current supply connections,
and with a start switching device serving the purpose of
interrupting the current flow through the auxiliary winding
after the start of the motor, the start switching device being
connected to a control device via a connector, the control
device being connected between the current supply connec-
tions, and with a winding protection switch, which 1s nor-
mally closed and which opens on the occurrence of a fault,
wherein the control device 1s connected to the winding pro-
tection switch via the auxiliary winding.

10. A compressor with an induction motor according to
claim 9.

11. A refrigerator or freezer with a compressor according to
claim 10.

12. A method for monitoring the state of the winding pro-
tection switch 1n a motor start circuit for an induction motor,
particularly a single-phase AC induction motor, with a main
winding and an auxiliary winding, which are supplied with
current, particularly alternating current, via current supply
connections, and with a start switching device serving the
purpose of interrupting the current flow through the auxiliary
winding after the start of the motor, the start switching device
being connected to a control device via a connector, the
control device being connected between the current supply
connections, and with a winding protection switch, which 1s
normally closed and which opens on the occurrence of a fault,
wherein the control device 1s connected to the winding pro-
tection switch via the auxiliary winding, wherein the voltage
over the winding protection switch 1s sensed.

13. The method according to claim 12, wherein the voltage
over the auxiliary winding and the winding protection switch
1s sensed by means of the control device.

14. The method according to claim 12, wherein the voltage
between the current supply connections 1s sensed by means of
the control device.

15. The method according to claim 14, wherein by means
of the control device the start switching device 1s monitored,
in particular the control impulse of the start switching device
1s sensed.

16. The method according to claim 135, wherein the control
device senses, if:

the voltage 1n a conductor of the control device exceeds a

predetermined value,

the start switching device 1s active,

the voltage over the auxiliary winding, particularly in the

conductors, increases.
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